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ABSTRACT
Background: Recent advances in laparoscopic and thora-
coscopic surgery have made it possible to perform
esophagectomy using minimally invasive techniques. The
aim of this report was to present our preliminary experi-
ence with minimally invasive esophagectomy.
Methods: We reviewed our experience on eight patients
who underwent minimally invasive esophagectomy using
either laparoscopic and/or thoracoscopic techniques from
June 1996 to May 1997. Indications for esophagectomy
included stage I carcinoma (5), palliative resection (1),
Barrett's with high grade dysplasia (1) and end stage acha-
lasia (1).
Results: The average age was 68 years (54-82). The sur-
gical approach to esophagectomy included laparoscopic
transhiatal esophagectomy with cervical anastomosis (n=4),
thoracoscopic and laparoscopic esophagectomy with cervi-
cal anastomosis (n=1), and laparoscopic mobilization with
right mini-thoracotomy and intra-thoracic anastomosis
(n=3). Conversion to mini-laparotomy was required in two
patients (25%) to complete esophageal dissection and facil-
itate gastric pull-up. The mean operative time was 460
minutes. The mean intensive care stay was 1.9 days (range
of 0-7 days) with a mean hospital stay of 13-8 days. Minor
complications included atrial fibrillation (n=1), pleural effu-
sion (n=2) and persistent air leak (n=1). Major complica-
tions included cervical anastomotic leak (n=1), and delayed
gastric emptying requiring pyloroplasty (n=1). There was
no perioperative mortality.
Conclusions: This preliminary experience suggests that
minimally invasive esophagectomy is safe and feasible in
centers with experience in advanced minimally invasive
surgical procedures. Further studies are necessary to deter-
mine advantages over open esophagectomy.
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INTRODUCTION
Advances in minimally invasive technology and surgical
techniques have allowed more complex procedures to be
performed including laparoscopic anti-reflux surgery,
laparoscopic myotomy for achalasia, laparoscopic and
thoracoscopic staging for esophageal cancer,
1,
2 video-
assisted thoracoscopic (VATS) lobectomy,3,4 VATS Belsey
fundoplication,
5,
6 VATS lung reduction surgery for emphy-
sema,
7 and many others. Esophagectomy for benign and
malignant disease is a complex and challenging surgical
procedure that can be associated with significant morbid-
ity and mortality.
8 In an effort to decrease the morbidity
associated with esophageal resection, surgeons are begin-
ning to apply minimally invasive techniques to facilitate
esophagectomy. The aim of this report is to describe our
initial experience using minimally invasive surgical
approaches to esophagectomy.
METHODS
From June 1996 to May 1997, eight patients underwent
esophagectomy at the University of Pittsburgh Medical
Center using minimally invasive techniques alone or in
combination with mini-laparotomy or mini-thoracotomy.
The decision to perform all or part of the procedure using
minimally invasive techniques was based on body habitus,
prior surgery, tumor size and location, and surgeon's pref-
erence. Addition of an open procedure was applied if
there were technical difficulties precluding completion of
the operation by minimally invasive techniques. Data
were collected for demographics, operative time, compli-
cations, length of hospital stay and the number of conver-
sions to an open procedure.
SURGICAL TECHNIQUE
1. Laparoscopic transhiatal esophagectomy: The
patient were placed in a supine position with the head
turned slightly to the right. The surgeon stood on the
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Figure 1. Abdominal trocar position for laparoscopic transhiatal
esophagectomy.
patient's right side with the assistant on the left. Five
abdominal ports were placed (Figure 1) with the patient
positioned in a steep reverse Trendelenburg position.
Esophageal hiatus was exposed by retracting the left lobe
of the liver upward using the Medi-flex (Velmed, Wexford,
PA) self-retaining retractor system. The gastrohepatic lig-
ament was divided exposing the right crus of the
diaphragm. The retroesophageal space was developed
and the esophagus was mobilized circumferentially. The
stomach was mobilized with division of short gastric ves-
sels using the ultrasonic shears (U.S. Surgical Corporation,
Norwalk, Connecticut). Gastrocolic omentum was divid-
ed with preservation of the right gastroepiploic arcade.
The stomach was retracted superiorly and the left gastric
vessels were identified and divided using the Endo-GIA
stapler (U.S. Surgical Corporation). A pyloromyotomy
was performed using the Endoshear (U.S. Surgical
Corporation) and electrocautery. Gastroduodenoscopy
with insufflation was used in some cases to confirm the
completion of the myotomy and absence of leaks.
The periesophageal dissection was accomplished under
direct visualization by retracting downward on the stom-
ach and dividing the aortoesophageal branches. This dis-
section was carried up to the level of the left main stem
bronchus. The entire dissection was performed using the
ultrasonic shears (U. S. Surgical Corporation). The esoph-
agus with a cuff of normal gastric cardia was divided from
the remaining stomach using the 4.5 mm Endoscopic sta-
pler (Ethicon, Cincinnati, Ohio). The distal esophagus
was sutured to the gastric conduit using 2-0 Surgitek
Endostitch (U.S. Surgical Corporation). A 5 cm horizontal
neck incision was used to mobilize the cervical esopha-
gus. Mediastinoscope was inserted along the
periesophageal plane to facilitate circumferential dissec-
tion of the upper esophagus. Once the entire esophagus
was completely mobilized, it was removed through the
neck incision by applying traction to the attached gastric
conduit transhiatally up to the cervical incision. An
esophagogastric anastomosis was performed using a 25
mm EEA stapler (U.S. Surgical Corporation) through a
small gastrotomy. A nasogastric tube was directed
through the anastomosis and placed down into the distal
stomach. A laparoscopic feeding jejunostomy tube was
performed by attaching a loop of proximal jejunum to the
anterior abdominal wall. A Seldinger technique was used
to place the feeding tube into the efferent limb of the
jejunum. Catheter position was checked using intraoper-
ative fluoroscopy.
2. Thoracoscopic and laparoscopic esophagectomy:
The patient was intubated with a double lumen tube for
single lung ventilation and was positioned in the left lat-
eral decubitus position with the right lung collapsed. Four
thoracic trocars were introduced (Figure 2). Four 10 mm
ports were used initially, but currently we use two 10 mm
and two 5 mm ports. The camera port was placed at the
seventh intercostal space, mid-axillary line. Another 10
mm port was placed at the eighth or ninth intercostal
space 2 cm behind the posterior axillary line for the ultra-
sonic shears. One 5 mm port was placed posterior to the
tip of the scapula and one at the fourth intercostal space
at the anterior axillary line for placement of retracting
instruments. A 0-Surgitek Endostitch (U.S. Surgical
Corporation) was placed on the central tendon area of the
diaphragm and brought out of the thorax inferiorly to
facilitate downward retraction of the diaphragm and pro-
mote exposure of the distal esophagus. The mediastinal
pleural was divided and the esophagus was circumferen-
tially mobilized. A penrose drain was placed around the
esophagus to facilitate retraction. The azygos vein was
mobilized and divided using the Endo-GIA stapler with
vascular cartridge (U.S. Surgical Corporation). The esoph-
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scopic and laparoscopic esophagectomy.
agus was mobilized from the diaphragmatic reflection up
to the thoracic inlet. Periesophageal lymph nodes were
sampled intraoperatively or mobilized to remain attached
to the resected specimen. A 28 F chest tube was insert-
ed through the camera port for postoperative drainage.
The patient was then turned to the supine position.
Laparoscopic gastric mobilization with cervical anastomo-
sis was accomplished as described above.
RESULTS
Minimally invasive esophagectomy was performed on 8
patients (5 males, 3 females). Indications for esophagec-
tomy included stage I carcinoma in 5 patients; palliative
resection for dysphagia in 1 patient; Barrett's esophagus
with high grade dysplasia in 1 patient; and 1 patient with
end stage achalasia. Patients with carcinoma did not
receive prior chemotherapy or radiation therapy. The
Table 1.
Patient's demographics and diagnosis.
Patients
1
2
3
4
5
6
7
8
Sex
M
F
M
F
M
M
M
F
Age
75
72
68
75
65
54
83
55
Diagnosis
Carcinoma
Achalasia
Carcinoma
Carcinoma
Carcinoma
Carcinoma
Carcinoma
Barrett's
Pathologic stage
I
IIB
IV
IIA
I
I
mean age was 68 years with a range of 54-82 years (Table
1). Palliative resection was performed in one patient with
good performance status and single metastatic lesion on
the left lobe of the liver, which was resected by wedge
excision at the time of esophagectomy. Two patients had
prior esophageal surgery (hiatal hernia repair in one and
a Collis-Nissen hiatal hernia repair in another).
Minimally invasive approach to esophagectomy included
total laparoscopic transhiatal esophagectomy in 4 patients;
thoracoscopic combined with laparoscopic esophagecto-
my in 1; and laparoscopic gastric mobilization with right
muscle-sparing mini-thoracotomy in 3 patients (Table 2).
Conversion to mini-laparotomy was necessary to com-
plete esophageal dissection in 1 patient and to facilitate
gastric pull-up in another. Pyloromyotomy was per-
formed on 4 patients and a pyloroplasty on 1 patient. A
laparoscopic jejunostomy tube was placed in 3 patients.
The mean operative time was 460 minutes (range of 267-
570 minutes). The mean intensive care stay was 1.9 days
(range of 0-7 days). The mean hospital stay was 13.8 days
(range of 4-45 days). Minor complications included atrial
fibrillation (n=1), pleural effusion (n=2) and persistent air
leaks (n=1). Major complications included cervical anas-
tomotic leak in 1 patient, and delayed gastric emptying
requiring pyloroplasty in 1 patient without a pyloromy-
otomy at the original operation. The 30-day mortality was
zero. The final pathology was stage I carcinoma in 3
patients (2 adenocarcinoma, 1 squamous cell); stage II in
2 patients (2 adenocarcinoma); stage IV in 1 patient for
palliative resection (adenocarcinoma); Barrett's esophagus
with high grade dysplasia in 1 patient; and 1 patient with
benign end stage achalasia mega-esophagus.
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Table 2.
Operative Procedure and Results.
Patients
1
2
3
4
5
6
7
8
Operative
Procedure
LM/RT
LTE
LM/TE
LTE
LM/RT
LTE
LM/RT
LTE
Conversion*
No
Yes
No
No
Yes
No
No
No
Operative
Time (h)
8 1/2
8 3/4
7 1/4
8 1/4
8
6 3/4
9
7 3/4
ICU Stay
(days)
2
7
0
1
0
2
2
1
Hospital Stay
(days)
19
45
4
7
5
13
14
4
Postoperative
Complications
Pleural effusior
persistent air leaks
Anastomotic leaks
Pleural effusior
Atrial arrhythmia
Delayed gastric
emptying
*Conversion to mini-laparotomy.
LM/RT - Laparoscopic mobilization/right thoracotomy with thoracic anatomosis.
LTE - Laparoscopic transhiatal esophagectomy with cervical anatomosis.
LM/TE - Laparoscopic mobilization and thoracoscopic esophagectomy with cervical anatomosis.
DISCUSSION
The incidence of esophagus carcinoma in the United
States is increasing at an alarming rate.
9 The prognosis
remains poor, with an overall five-year survival rate of 5-
10%. Surgical resection of the esophagus is associated
with significant morbidity and a mortality rate ranging
from 2% to 10%.
8 In an effort to decrease the morbidity
and mortality associated with esophagectomy, minimally
invasive techniques are being applied to perform this
complex procedure.
Multiple authors have reported using video-assisted thora-
coscopy or laparoscopy to facilitate esophagectomy.
10-1
6
Most reports utilized a standard laparotomy with thoraco-
scopic esophageal mobilization or laparoscopy to facili-
tate gastric mobilization combined with a mini-laparotomy
to bluntly complete the esophageal dissection. Clear
advantages of thoracoscopic esophageal mobilization over
thoracotomy were not demonstrated in these studies.
DePaula was the first to report a large series of 48 patients
undergoing a total laparoscopic transhiatal esophagecto-
my.
1
5 In 2 patients, conversion to open surgery was
required and 2 others required thoracoscopic assistance.
Swanstrom recently reported nine cases of laparoscopic
total esophagectomy.
1
6 There were no conversions to
laparotomy. One patient required a right thoracoscopy
with intrathoracic anastomosis due to poor viability of the
gastric tube.
We have extensive experience in the management of
benign esophageal disorders using laparoscopic and/or
thoracoscopic techniques. In addition, we routinely per-
form laparoscopic and thoracoscopic staging in patients
with esophageal carcinoma for placement into a neoadju-
vant therapy protocol.
2 This experience led to the appli-
cation of these techniques to esophagectomy.
1
7 The oper-
ative ports for laparoscopic transhiatal esophagectomy are
similar to our port placement in performing a laparoscop-
ic Nissen fundoplication with the addition of a cervical
incision. The laparoscopic transhiatal periesophageal dis-
section can be performed under direct visualization with
the ability to biopsy surrounding mediastinal lymph
nodes. Limitations for this approach include the small
working space through the esophageal hiatus and diffi-
culty in dissection of the mid and upper third esophagus
due to the length of our instrumentation. In three cases,
we performed laparoscopic gastric mobilization with a
right mini-thoracotomy and intrathoracic anastomosis sec-
ondary to incomplete laparoscopic transhiatal esophageal
mobilization. Therefore, we recently added thoracoscop-
ic esophageal mobilization in one case as the first step fol-
lowed by the laparoscopic gastric mobilization with tran-
246 JSLS (1998)2:243-247shiatal gastric pull-up. Thoracoscopic approach improves
our ability to perform a wider lymph node dissection in
these patients and improves our ability to mobilize the
mid and proximal third of the esophagus following divi-
sion of azygos vein.
CONCLUSIONS
Minimally invasive esophagectomy is a technically feasi-
ble operation requiring advanced laparoscopic surgical
skills. This procedure is promising but time consuming
and requires a steep learning curve. Appropriate instru-
mentations including the ultrasonic shears, endoscopic
stapler and liver retractor are necessary to perform this
procedure. This small series, similar to those of DePaula
and Swanstrom, confirm that esophagectomy can be safe-
ly performed by the total laparoscopic or thoracoscopic
approach in selected patients. Advantage over open
approaches will require larger studies and longer follow-
up.
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